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© RF filter alignment using digital processor clock. 

© A variable frequency RF passband filter (22) is 
calibrated to maximize the sensitivity of a radio 
receiver using reference frequencies applied 
based on the clock operation of a digital pro- 
cessor within the receiver. The reference fre- 
quency passing through the variable passband 
filter is mixed to the intermediate frequency of 
the receiver by a mixer (23) and its level is 
detected. A frequency counter (40) verifies that 
a measureable reference frequency signal has 
in fact been mixed to the intermediate fre- 
quency in order to avoid errors. The correct 
control voltage signal for the variable passband 
filter (22) corresponding to each receiver fre- 
quency can thus be conveniently and inexpen- 
sively determined and stored for use during 
normal operation of the receiver. 
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The present invention relates in general to align- 
ing the frequency response of a variable bandpass fil- 
ter in a radio receiver, and more specifically to 
obtaining a reference frequency from a digital pro- 
cessor clock in an alignment procedure for a variable 
bandpass filter. 

Radio wave receivers such as AM and FM radio, 
TV, and mobile transcievers simultaneously receive 
many different broadcast signals on their antennas. A 
desired signal must be separated from others in order 
to present it to the user of a receiver. 

Any desired signal occupies a unique frequency 
range. Thus, a desired signal may, at least partially, 
be separated from other signals by connecting an 
antenna to a bandpass filter which attenuates all fre- 
quencies other than those in the desired frequency 
range. In order to selectively receive different fre- 
quency ranges (i.e., stations or channels), the 
bandpass filter comprises a variable radio-frequency 
(RF) filter. One such variable filter includes voltage 
variable capacitors known as varactors, as well as 
fixed capacitors and fixed inductors in a bandpass 
configuration wherein a voltage applied to the varac- 
tors controls the resonant frequency (i.e., center fre- 
quency) of the filter. When tuning in a radio wave 
broadcast signal at a particular carrier frequency, a 
control voltage applied to the varactors causes the 
center resonant frequency of the RF filter to coincide 
with that carrier frequency. 

Due to variability of characteristics of individual 
capacitors, inductors, and varactors used in con- 
structing the RF filters, the filter response must be 
aligned (i.e., calibrated by frequency) for each indivi- 
dual receiver. 

In order to find the precise control voltage to be 
applied to a filter to obtain a desired frequency res- 
ponse, a known reference frequency is typically 
applied to the input of the variable filter during the 
alignment procedure. The filter control voltage is then 
varied throughout its range in order to maximize the 
magnitude of the filter output. At maximum output, the 
frequency response of the variable filter is assumed 
to be property aligned. 

Alignment is preferably done automatically with- 
out use of external devices in order to save manufac- 
turing time, labor, and cost. Prior art receivers with 
automatic alignment have obtained a reference fre- 
quency from either a local oscillator already present 
in the radio receiver or an auxiliary source dedicated 
to providing the reference frequency. 

The use of extra hardware is undesirable, espe- 
cially at higher frequencies such as within the FM 
band, television band, and mobile communication 
band because of high cost. If the local oscillator pre- 
sent in the receiver is used to provide the reference 
frequency, then the local oscillator is not available to 
perform its usual task of shifting the radio frequency 
signal to a lower intermediate frequency. In that case, 



the magnitude of the radio frequency signal must be 
measured and maximized. However, detection of the 
level of an RF signal can only be done in an inaccurate 
manner subject to many errors unless expensive and 
5 complicated extra hardware is employed. 

It is a principal object of the present invention to 
provide method and apparatus for automatically align- 
ing an RF filter using only a small number of relatively 
inexpensive parts. 
10 It is a further object of the invention to avoid errors 

in aligning an RF filter. 

Most modem radios include digital processors for 
controlling various components in an audio system 
and/or to digitally process the audio signal itself. 
15 These digital processors operate with clocks based 
on crystal oscillators which are highly stable and low 
in cost. By employing harmonic frequencies from the 
clock signal of a digital processor, several reference 
frequencies within a receiving band of a receiver can 
20 be provided using a single crystal oscillator. Since the 
local oscillator is not used to generate the reference 
frequency, the filter output signal resulting from the 
clock harmonic frequency is mixed down to an inter- 
mediate frequency prior to level detecting the mag- 
25 nitude of the filter output signal. The frequency of the 
mixed down signal is checked in order to avoid errors 
resulting from spurious signals. 

According to the present invention there is pro- 
vided a radio receiver comprising: 
30 a tunable filter having a center frequency con- 

trollable by a control signal applied at a control input; 

digital processing means for processing a 
received radio signal, said digital processing means 
including a clock generating a clock signal; 
35 switching means coupled to said tunable filter 

and said digital processing means for selectably cou- 
pling either said clock signal or an RF antenna signal 
to the input of said tunable filter; 

control voltage generator means coupled to 
40 said tunable filter for generating said control signal; 
a local oscillator; 

mixer means coupled to the output of said tun- 
able filter and said local oscillator for mixing the output 
signal of said tunable filter to an intermediate fre- 
45 quency signal; 

counter means coupled to said mixer means 
for counting the frequency of said intermediate fre- 
quency signal; 

level detector means coupled to said mixer 
so means for detecting the magnitude of said inter- 
mediate frequency signal; and 

control means coupled to said switching 
means, said control voltage generator means, said 
local oscillator, said counter means, and said level 
55 detector means for selecting said clock signal for input 
to said tunable filter, for commanding desired outputs 
from said control voltage generator means and said 
local oscillator, for comparing counts from said 
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counter means with a predetermined count, and for 
monitoring said magnitude from said level detector 
means to obtain a maximum thereof. 

The invention will now be described further, by 
way of example, with reference to the accompanying 5 
drawings, in which : 

Figure 1 is a block diagram showing a variable RF 
fitter used in a superheterodyne receiver of the pre- 
sent invention. 

Figure 2 is a plot showing proper alignment of a 10 
filter passband with a receiver radio signal. 

Figure 3 shows a plot of a filter control voltage ver- 
sus the center resonant frequency of the filter. 

Figure 4 is a block diagram showing a preferred 
embodiment of a receiver according to the present 15 
invention. 

Figure 5 is illustrates a technique for maximizing 
the signal level provided by the RF filter in response 
to a signal at a reference frequency. 

Figure 6 shows a plot of a preferred function for 20 
relating filter control voltage to a desired carrier fre- 
quency of a received radio signal, i.e., filter center fre- 
quency. 

Figure 7 is a flow chart according to a preferred 
embodiment of the method of the present invention. 25 

Referring to Figure 1, a receiving antenna 10 is 
connected to the input of a variable RF filter 1 1 . When 
tuning in FM broadcast signals, antenna 10 is used to 
receive signals ranging in frequency from 88 to 108 
MHz. When tuning in AM broadcast signals, antenna 30 
1 0 is used to receive signals ranging from 535 to 1 605 
MHz. In order to filter outunwanted broadcast signals, 
variable filter 1 1 receives a filter control voltage VcorK<* 
at a control input 12 in order to align the center fre- 
quency of the passband of the filter with the center fre- 35 
quency of the desired broadcast signal. The desired 
broadcast signal carrier frequency f des ired passed by 
variable filter 1 1 is input to a mixer 13. The mixer out- 
put is connected to the input of an intermediate fre- 
quency (IF) filter 15. Mixer 13 receives a mixing signal 40 
1 4 at another input which has a frequency equal to the 
sum of frequencies f de8 ired P'us the IF frequency. Typi- 
cal intermediate frequencies are 10.7 MHz for FM and 
455 KHz for AM (although lower IF frequencies in the 
range of 20-50 KHz may be preferable in order to 45 
reduce the cost of analog to digital conversion in the 
case of a DSP radio). IF filter 15 is a high quality fixed 
crystal filter for further attenuating undesired signals 
that passed through RF filter 1 1 . It also filters out the 
image frequency generated in mixer 13 as is known 50 
in the art. 

In order to provide maximum sensitivity in the 
radio receiver, the center frequency of RF filter 11 
must be properly aligned with the desired carrier fre- 
quency signal as determined by the mixer signal 14 55 
provided to mixer 1 3. For example, as shown in Figure 
2, a frequency response of the passband RF filter 
includes a center frequency 16 denoted far. A broad- 



cast signal to be received from a desired station 
occupies a frequency range 17 which in most com- 
mercial transmissions is centered on its carrier fre- 
quency (i.e., double sideband). In order to maximize 
the signal available to the receiver, center frequency 
fctrShould be aligned to fall t the center of frequency 
range 17. 

As shown in Figure 3, alignment of the filter res- 
ponse is achieved by setting the control voltage V^nt,^ 
to a DC voltage which is known to correcpond to the 
desired center frequency f^,. However, due to the 
variability from one component part to another, the 
exact parameters of the control curve shown in Figure 
3 are not known in advance for an individual filter. The 
alignment process determines the proper control volt- 
age Vcontroi which corresponds to each of the desired 
frequencies to be received. 

Turning to figure 4, a preferred embodiment of the 
present invention for automatically calibrating the fil- 
ter control voltage is shown is connection with a 
microprocessor-controlled, digital signal processing 
(DSP) radio. An antenna 20 receives AM and/or FM 
broadcast signals which are coupled to one input of a 
switch 21. The output of switch 21 is connected to the 
input of a variable RF filter 22. A band limited RF sig- 
nal is output from filter 22 to a mixer 23. The RF signal 
is mixed with a local oscillator signal from a local oscil- 
lator 24 to produce an IF signal which is passed 
through an intermediate frequency (IF) filter 25 to the 
input of an analog-to-digital (A/D) converter 26. IF fil- 
ter 25 preferably comprises a piezoelectric crystal fil- 
ter. 

The digitized intermediate frequency signal from 
A/D converter 26 is coupled to a digital signal pro- 
cessor (DSP) block 27 for detection, stereo decoding, 
tone conditioning, amplification, and other proces- 
sing. A digital audio signal is produced which is pro- 
vided to the input of a digital-to-analog (D/A) converter 
28 which produces an analog audio signal for driving 
a speaker 30. 

DSP block 27 may include a DSP chip set or may 
include a single-chip DSP processor such as the TMS 
320C25 from Texas Instruments, the ADSP-2100 
from Analog Devices, or the NEC 7720 from Nippon 
Electric Company. Digital signal processors are being 
used in audio equipment such as radio receivers 
because of advantages in improved signal quality and 
signal-to-noise ratio, flexibility for implementing vari- 
ous types of signal processing, and lower cost. DSP 
block 27 includes a clock circuit (not shown) connec- 
ted to an external piezoelectrical crystal 33. A DSP 
clock typically runs at a rate of about 10 MHz or 
higher. 

A microcontroller 31 controls overall operation of 
the receiver and has a piezoelectric crystal 32 for 
implementing its own clock oscillator. Microcontroller 
31 may be comprised of a COP888CG microcontroller 
from National Semiconductor Corporation, for 
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example. Microcontroller 31 controls the center fre- 
quency setting of filter 22 by means of a D/A converter 
34 which receives a digital command value from 
microcontroller 31 over a line or lines 35. D/A con- 
verter 34 provides an analog control voltage to 5 
the input line of filter 22. 

Microcontroller 31 commands a desired mixing 
frequency to be produced by local oscillator 24 by 
sending a command over a line or lines 36. A control 
line 37 from microcontroller 31 to switch 21 carries a 10 
command signal for controlling the position of switch 
21. Microcontroller 31 sends commands to DSP block 
27 and receives data from DSP block 27 using lines 
38. A frequency counter 40 is connected to the output 
of IF filter 25 and communicates with microcontroller 15 
31 over line or lines 41. Frequency counter 40 may be 
comprised of the LC7217 frequency synthesizer from 
Sanyo Electric Company. Although local oscillator, 
mixer, IF filtering, frequency counting, analog to digi- 
tal, and digital to analog conversion functions are 20 
shown as being separate, each could alternatively be 
implemented within either DSP block 27 or microcon- 
troller 31. Furthermore, lines 35, 36, 37, 38, and 41 
could all implemented by shared data and address 
busses. 25 

RF filter 22 takes a form known in the art including 
a pair of varistors 50 and 51 , each receiving the filter 
input signal at its cathode. A capacitor 52 and a prim- 
ary winding 54 of a transformer 53 are connected be- 
tween the anodes of varistors 50 and 51 . The anode 30 
of varistor 51 is connected to ground. A secondary 
winding 55 of transformer 53 has one end connected 
to ground and the other end providing the output for 
RF filter 22. 

RF filter 22 functions as a bandpass filter having 35 
a predetermined frequency width and having a center 
frequency controlled by the DC voltage present at the 
cathodes of varactors 50 and 51, i.e., which is 

provided by D/A converter 34. Thus, in order to 
receive the broadcast from a desired station, micro- 40 
controller 31 sends an appropriate frequency com- 
mand to local oscillator 24 and sends a corresgonding 
command to D/A converter 34 in order to align the 
passband of RF filter 22 with the station to be 
received. 45 

DSP block 27 provides a clock signal on line 42 
which is connected to the remaining input of switch 
21. In order to achieve alignment of RF filter 22 using 
clock signals from DSP block 27, the clock signals 
must include frequencies within the band of broadcast 50 
frequencies which are to be received. 

In the preferred embodiment for an FM receiver, 
the DSP clock signal from crystal 33 has a frequency 
of 10 MHz signals which has harmonic components 
falling within the FM band. The harmonic components 55 
are integral multiples of the fundamental frequency of 
the crystal oscillator but have reduced amplitude with 
increased order of harmonic. However, the harmonic 



components have been found to have sufficient mag- 
nitude to accomplish alignment according to the pre- 
sent invention. In order to align RF filter 22 with 
frequencies for AM reception, a frequency divider or 
other frequency generator in DSP block 27 can be 
employed to generate frequencies in the AM band 
from 535 to 1605 KHz. 

In the alternative, the clock circuit in microcontrol- 
ler 31 can be employed to generate the frequency 
reference signals to be applied to switch 21 and 
thereby to the input of RF filter 22. 

To achieve frequency alignment of filter 22, 
microcontroller 31 selects a reference frequency f^ 
(either a harmonic frequency or a generated fre- 
quency from DSP block 27) falling within the reception 
band to be applied to filter 22. For example, in the FM 
band, 90 MHz may be selected which is the ninth har- 
monic of a 10 MHz clock signal. Microcontroller 31 
commands local oscillator 24 to oscillate at a fre- 
quency equal to the selected frequency (f ref ) plus the 
intermediate frequency (IF) at which the receiver 
operates. In this example, local oscillator 24 would be 
commanded to generate an oscillator signal at 100.7 
MHz which corresponds to the 90 MHz reference sig- 
nal plus 10.7 MHz corresponding to the standard 
intermediate frequency for FM receivers. Thus, the 
reference frequency signal passed through RF filter 
22 will be mixed in mixer 32 to the intermediate fre- 
quency of the receiver. 

Microcontroller 31 commands switch 21 on line 
37 to connect the reference signal on line 42 to the 
input of RF filter 22. Switch 21 can be comprised of a 
small relay or a PIN diode switch. Microcontroller 31 
also commands D/A converter 34 to output a control 
voltage Vc^o, preferably near the expected value 
which corresponds ideally to the reference frequency, 
or if that information is not available then to a voltage 
near the middle of its output range. Thus, the refer- 
ence frequency signal is provided from line 42 through 
RF filter 22 and is mixed as a RF signal in mixer 23 to 
generate an IF signal which is filtered by IF filter 25. 
The filtered IF signal is inspected by frequency 
counter 40 to verify that a proper IF signal has in fact 
been generated. If an IF frequency signal is not detec- 
ted, microcontroller 31 concludes that either the RF fil- 
ter is so poorly aligned that the reference signal is 
completely blocked or that the presence of noise has 
disrupted the test. In either case, microcontroller 31 
steps the control signal to RF filter 22 to the next value 
in a sequence to be described later. If a proper IF sig- 
nal is detected by frequency counter 40, then micro- 
controller 31 commands DSP block 27 to detect the 
level of the resulting IF signal. A level detector 43 
implemented in DSP block 27 receives the digitized IF 
filtered signal from A/D converter 26. The signal 
strength of the IF signal is determined and communi- 
cated to microcontroller 31 which stores the signal 
level in order to identify the control signal voltage 
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trol which corresponds to the maximum IF signal level. 

Level detector 43 determines signal level accord- 
ing to any of several methods known in the art and 
may be implemented either within DSP block 27 or by 
means of a separate circuit either in analog or digital 
form. In the preferred embodiment, level detector 43 
operates within DSP block 27 to obtain in-phase (I) 
and quadrature (Q) components of the digitized IF sig- 
nal. The I and Q components can be obtained using 
a digital Hilbert transform. The I and Q components 
are each squared and the square root of the sum of 
the squares is calculated to obtain the signal level. 

Microcontroller 31 obtains the detected signal 
level from DSP block 27 and compares it to the prior 
maximum signal level and possibly to the immediately 
preceding signal level from the immediately preceding 
control voltage setting. Figure 5 illustrates a 

preferred search method employed by microcontroller 
31 to locate the maximum signal strength. After 
obtaining a signal strength level at an initial setting, 
the control voltage is arbitrarily increased one step 
and the resulting signal strength level compared to the 
prior value. The actual relationship between control 
voltage Vc^^ and the resulting signal strength level 
is shown at curve 60. If the initial step change in the 
control signal causes a decrease in resulting signal 
strength level, as shown in 61, the stepping direction 
is reversed and the control voltage is decreased. 
Trials at several decreasing control voltages are con- 
ducted by microcontroller 31 until the signal strength 
level again decreases as shown at 62, preferably dec- 
reasing for at least two consecutive steps. The 
maximum signal level detected is then taken to be the 
absolute maximum and the control voltage V^n^, at 
that point is noted along with the reference frequency 
employed in the trial. 

Alignment at a single frequency may be sufficient 
to fix the response curve shown in Figure 3 for all fre- 
quencies within the band of interest. However, it is 
preferable to more accurately define the response 
curve for the individual RF filter by conducting trials at 
at least three frequencies within the band of interest 
as shown in Figure 6. Following the alignment at the 
plurality of frequencies, the microcontroller recon- 
nects the filter input to the receiving antenna and 
thereafter determines the control voltage Vc^o, for 
the variable frequency RF filter based on the curve 
found in Figure 6 which can be stored in a lookup 
table. 

Turning now to Figure 7, a preferred method of 
the invention begins at step 65 where the clock refer- 
ence signal is connected to the input of the variable 
RF filter. In step 66, the local oscillator frequency is 
set to the reference frequency plus the intermediate 
frequency of the receiver so that the mixer output cor- 
responds to the translation of the reference frequency 
to the intermediate frequency. 

In step 67, an initial filter control voltage Vcomn* is 
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set For example, D/A converter 34 may be provided 
with an output voltage range from zero to 10 volts 
which in turn controls the tunable range of the variable 
RF filter. D/A converter 34 may typically provide 256 

5 voltage steps over the 10 volts, thereby providing 
steps of 39 mV per step. The initial voltage preferably 
corresponds to the expected value based on the radio 
design which can be stored in the microcontroller or 
to the arbitrary selection of a control voltage at the 

w middle of the tunable range of the filter (i.e., five volts). 

In step 68, the frequency counter counts the inter- 
mediate frequency signal from the IF filter to deter- 
mine whether or not any actual signal at the reference 
frequency is being mixed to produce an IF signal. If a 

15 correct IF signal is detected in step 70, then the signal 
strength level is detected in step 71, otherwise the 
method proceeds to step 74. 

In step 72, the detected signal strength level is 
compared to a previously stored maximum. If the new 

20 level is greater than the previously stored level, then 
It is stored as the maximum along with the control volt- 
age which produced the maximum. Otherwise, the 
method proceeds to step 74. 

In step 74, a decision is made as to whether the 

25 absolute maximum has been located. A determination 
as to this condition can be obtained, for example, by 
consecutive steps of the control voltage which resul- 
ted in increasing signal strength levels for at least two 
steps followed by a decrease in signal strength level 

30 for at least two steps. Step 74 may also check for the 
execution of a number of trials above some maximum 
number which would only occur if some malfunction 
in the radio were present. If the test for determining 
the absolute maximum has not been satisfied and if 

35 the test for detecting an infinite loop has not been 
satisfied, a new control voltage is set in step 75 and 
the method returns to step 68. 

Once a maximum has been determined for the 
particular reference frequency, the previous steps are 

40 repeated for another reference frequency also in or 
near the frequency band of interest as shown in step 

76. Following all the separate frequency alignments 
and the construction of a table or a calibration function 
for interpolating various RF frequencies to the proper 

45 control voltage setting for the variable RF filter, the fil- 
ter input is reconnected to the receiver antenna in step 

77. Thereafter, the control voltage is set depending on 
the receiver frequency throughout receiver operation 
in step 78. 

so The calibration table or function can preferably be 

stored in an electronically erasable programmable 
read-only memory (EEPROM) for permanent storage 
in association with the individual radio. The alignment 
procedure may be initiated during final assembly of 

55 the radio at the manufacturing plant or subsequently 
by a user of the receiver by sending an appropriate 
command to the microcontroller using a pushbutton 
on the radio, for example. Thus, the RF filter can be 
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realigned if its frequency response changes due to 
aging or other changing conditions. 



Claims 5 

1. A method in a radio receiver for aligning the fre- 
quency response of a tunable filter having a 
center frequency controlled by a control signal, 
said receiver having a predetermined inter- 10 
mediate frequency and including a digital pro- 
cessor that generates a clock signal, said method 
comprising the steps of: 

coupling a clock signal from said digital 
processor to the input of said tunable filter, said 15 
clock signal having a frequency within the tunable 
range of said tunable filter; 

setting said control signal to a plurality of 
predetermined values; 

mixing the output signal from said tunable 20 
filter with a local oscillator signal to provide a res- 
pective intermediate frequency signal corre- 
sponding to each predetermined control signal 
value; 

counting the frequency of each respective 25 
intermediate frequency signal; 

if a respective counted frequency is sub- 
stantially equal to said predetermined inter- 
mediate frequency then detecting a respective 
signal strength level of a respective tunable filter 30 
output signal; 

identifying the predetermined control sig- 
nal value corresponding to the maximum respec- 
tive signal strength level; and 

when receiving a radio broadcast, setting 35 
said control signal so as to maximize received 
signal strength at the frequencies of said radio 
broadcast 



A method as claimed in claim 1, wherein said 
dock signal frequency within said tunable range 
of said tunable filter is a harmonic frequency. 



40 



3. A method as claimed in claim 1, wherein said 
detecting of said signal strength level comprises 45 
the steps of digitizing said intermediate frequency 
signal, separating said digitized signal into in- 
phase and quadrature components, and calculat- 
ing the square root of the sum of the squares of 
said components. 50 

4. A method as claimed in claim 3, wherein said in- 
phase and quadrature components are obtained 
using a digital Hilbert transform. 



A radio receiver comprising: 

a tunable filter having a center frequency 
controllable by a control signal applied at a con- 



55 



trol input; 

digital processing means for processing a 
received radio signal, said digital processing 
means including a clock generating a clock sig- 
nal; 

switching means coupled to said tunable 
filter and said digital processing means for select- 
ably coupling either said clock signal or an RF 
antenna signal to the input of said tunable filter; 

control voltage generator means coupled 
to said tunable filter for generating said control 
signal; 

a local oscillator; 

mixer means coupled to the output of said 
tunable filter and said local oscillator for mixing 
the output signal of said tunable filter to an inter- 
mediate frequency signal; 

counter means coupled to said mixer 
means for counting the frequency of said inter- 
mediate frequency signal; 

level detector means coupled to said mixer 
means for detecting the magnitude of said inter- 
mediate frequency signal; and 

control means coupled to said switching 
means, said control voltage generator means, 
said local oscillator, said counter means, and said 
level detector means for selecting said clock sig- 
nal for input to said tunable filter, for commanding 
desired outputs from said control voltage 
generator means and said local oscillator, for 
comparing counts from said counter means with 
a predetermined count, and for monitoring said 
magnitude from said level detector means to 
obtain a maximum thereof. 

6. A receiver as claimed in claim 5, wherein said 
clock signal includes a harmonic frequency within 
the tunable range of said tunable filter. 

7. A receiver as claimed in claim 5, further compris- 
ing a crystal filter connected between said mixer 
means and said counter means and said level 
detector means. 

8. A receiver as claimed in claim 5, further compris- 
ing: 

analog-to-digital converter means connec- 
ted between said mixer means and said level 
detector means for digitizing said intermediate 
frequency signal; 

said level detector means being included 
in said digital processing means, said magnitude 
being determined by applying a Hilbert transform 
to said digitized intermediate frequency signal to 
provide in-phase and quadrature components 
and taking the square root of the sum of squares 
of said components. 
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9. A receiver as claimed in claim 5, wherein said 
control means further comprises a memory for 
storing a control voltage corresponding to a 
maximum intermediate frequency signal at at 
least one frequency of said clock signal. 5 
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FM: 88-108 MHZ 
AM: 535 -1605 KHZ 
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